not without complications. (Blondeel, 1999; Blondeel et al., 2000; Man, Selber, & Serletti, 2009; Nahabedian, Tsangaris, & Momen, 2005; Scheer, Novak, Neligan, & Lipa, 2006) Venous congestion is the primary cause of flap-related complications in current clinical practice. (Blondeel et al., 2000; Chen et al., 2007; Lundberg & Mark, 2006; Nahabedian et al., 2005; Nahabedian, Momen, Galdino, & Manson, 2002; Rozen, Pan, Le Roux, Taylor, & Ashton, 2009; Schaverien, Saint-Cyr, Arbique, & Brown, 2008; Scheer et al., 2006; Tran, Buchel, & Convery, 2007) Preoperative imaging assists surgical planning and dissection, and reduces complications and length of stay. Computed tomography angiography (CTA) (Hijjawi & Blondeel, 2010; Masia, Clavero, Larranaga, Vives, & Pons, 2008) and magnetic resonance angiography (MRA) (Alonso-Burgos et al., 2010; Chernyak et al., 2009; Neil-Dwyer, Ludman, Schaverien, McCulley, & Perks, 2009 ) provide a preoperative vascular map.
High-quality evidence by Rozen and a meta-analysis by Ohkuma support CTA in accurate visualization of the venous system. (Ohkuma et al., 2014; Rozen, Stella, Bowden, Taylor, & Ashton, 2009) Abdominal tissue in the physiological state has a dominant superficial venous system, (Carramenha e Costa et al., 1987; Imanishi, Nakajima, Minabe, Chang, & Aiso, 2003) whereas the majority of DIEP flaps have dominant deep systems. (Boutros, 2013; Schaverien et al., 2010 ) Raising a DIEP flap on the deep system alone relies on intrinsic connecting vessels linking deep and superficial systems to permit venous drainage of the entire flap. Anomalous connections may increase the risk of venous congestions. (Schaverien et al., 2010) If congestion is noted in the operating room or immediate postoperative period, salvage procedures such as supplementary venous anastomoses or conversion to a contralateral muscle-sparing transverse rectus abdominus myocutaneous (TRAM) flap can be performed prevent flap failure. (Davies, O'Neill, & Wilson, 2014; Galanis et al., 2014) This research aims to quantify anatomical features on preoperative CTA that predict postoperative venous congestion. Identifying "at risk" patients before surgery would provide a game-changing level of preoperative data to assist the contemporary reconstructive surgeon with flap planning decision-making. The specific anatomical area of interest for this research are the venous connections linking deep and superficial venous systems within the flap, where this study quantifies the presence or absence, size, course, and patency. CTA findings will be compared between patients who developed venous congestion ("Cases") and those without complications ("Controls"). CTAs will be randomized and presented to a radiologist (L. J.) who is experienced in DIEP-mapping using CTA and blinded of the subsequent clinical outcome. Study outcomes will augment preoperative planning for safe DIEP breast reconstruction and highlight patients "at risk" of postoperative venous congestion. By combining a blinded and modified randomized controlled trial (RCT) study design with a prospective cohort study of DIEP patients, we tested the hypothesis that absent or atypical venous connections predispose patients to venous connections. 
| METHODS

| Surgical planning and procedure
Perforators identified on CTA were plotted on a grid, as described by 
| Computed tomography angiography protocol
All patients followed a standardized protocol of preoperative CTA imaging using the Siemens SOMOTOM Sensation scanner (Siemens, Malvern, PA) or Toshiba Aquilion CX scanner (Toshiba Information Systems UK Limited, Surrey, United Kingdom). Xenetix 300 (Guerbet, Roissy, France) contrast (100 mL contrast to 40 mL saline) was infused at 4 mL/s. Thorax, abdomen, and pelvis were imaged in a caudal to cranial direction from the lesser trochanter apices to the superior aspect of the thorax to include the internal mammary artery origins bilaterally. Imaging timing was judged using bolus tracking with region of interest (ROI) positioned on the aorta at the diaphragm, with scan commencement 10 s after standard arterial phase scan to optimize visualization arterial and venous perforator anatomy. CT radiographers optimized scans through drawing the ROI, timing of patient inhalation and setting windowing and algorithm parameters of the saved images.
| Statistical analysis
Data were analyzed using GraphPad Prism (GraphPad Software Inc., La Jolla, CA). Distribution was assessed using Kolmogorov-Smirnov tests.
Data were compared using 2-tailed unpaired t tests or Mann-Whitney U tests for parametric or non-parametric data respectively, and Chi squared tests for categorical data. Sensitivity and specificity were calculated with clinical outcome set as the "gold standard" outcome versus CTA as the test using a 2 × 2 table. Positive predictive value (PPV) was calculated by True Positives/(True Positive + False Positives). Demographic data demonstrated statistical equivalence between patient cohorts (P > .05; Table 1 ). One patient in the congestion group underwent laparoscopy in the period between preoperative CTA and DIEP reconstruction. Two patients in the non-congestion group underwent more extensive abdominal surgery in their past, including Cesarean section and laparotomy prior to their preoperative CTA.
| RESULTS
Analysis of preoperative venous anatomy of the CTAs by the radiologist, blinded to the subsequent clinical outcome, showed significant anatomical differences between tissue that would subsequently become congested versus viable tissue (Table 2) . Congested flaps had more atypical venous connections between deep and superficial venous systems compared to non-congested controls (66.7% vs. 8%, P < .0001). Normal connections were significantly more common in the patient cohort with a non-congested clinical outcome (80% vs. 26.7%, P < .001), while absent connections were similar between groups (6.7% vs. 12%, P = .59). Anatomical subtleties that define Type I, II, and III are shown (Supporting Information, Videos S1-S3 and Figure 1 ).
Using clinical outcome as the gold standard and CTA as the test, sensitivity and specificity of CTA was 67% and 92% respectively for predicting venous congestion when atypical venous connections were used as an anatomical predictor on CTA. Additional anatomical features on CTA found to be equivocal between groups included perforator size, perforator position, and SIEV size (P > .05). The only anatomical difference between groups unrelated to venous connections was perforator location in the vertical plane. Perforators used in viable flaps were in closer proximity to the umbilicus, whereas congested flaps were based on more caudal perforators (P = .02; Table 2 ). PPV was 83% (n = 10/12), confirming that when CTA identifies atypical venous connections, this successfully predicts subsequent venous congestion. DIEP flaps were anatomically categorized according to the type of venous connections between deep and superficial systems (Type I = normal; Type II = absent; Type III = atypical). Using this data from 240 flaps, a classification of DIEP flap anatomy based on venous connections between deep and superficial systems is proposed (Figure 2 ). This data can be summarized to inform patients of their individual risk of congestion based on their CTA scan (Table 3) Limitations of this study include the mixed study design, definition of congestion, and negative features of CTA. Our mixed Deep inferior Epigastric perforator flap classification of connections between deep and superficial venous systems, and their anatomical incidence based on 240 flaps. Type I (normal connection): ≥1 venous connection, defined as the vessel present on every CT slice between deep and superficial systems. This is either continuous without change in caliber, or a gradual, smooth change in caliber as the vessel makes a smooth arc on sequential CT slices from deep to superficial; Type II (absent connection): no venous connection between deep and superficial venous systems; Type III (atypical connection): Atypical communication present between deep and superficial venous systems in terms of (1) caliber, (2) tortuosity, or (3) superficial path.
(1) Atypical caliber defined as a change at the junction between deep and superficial systems with the caliber at the join being subjectively less than both the adjacent, contiguous deep and superficial vessels. Note vessel size is both small, and diagnostically relative to adjacent structures, therefore this assessment is subjective and qualitative to avoid inherent margin for error from attempted quantitative measurement. In practice, caliber change is straightforward to identify because if the join has a lesser caliber than the contiguous superficial and deep vessels, by definition it is a type III connection). (2) Tortuosity is defined as the tortuous course of the perforating vessel once in the subcutaneous fat, whereby when scrolling through sequential CTA slices, it is not to follow the vessel continuously in one direction. Rather, scrolling both up and down is necessary as a change in scrolling direction is required at least once to follow its course. (3) Superficial path is defined as the only vessel joining the superficial and deep components of the perforator in subcutaneous fat runs very close the skin for part of its course methodology utilized a retrospective case-control study to identify eligible patients, followed by a prospective and blinded modified RCT of preoperative CTA radiological interpretation. Retrospective reviews have inherent limitations relating to bias and are dependent on the quality of data recorded at the time. Low congestion rates make studies in this area difficult due to small sub-group analyses.
Congestion was diagnosed in the operating room when clinical signs of venous congestion were apparent. Congestion causality may be technical or anatomical. However, in this cohort of 240 flaps, congestion occurred either after raising the flap, but not detaching the vessel, or shortly after performing the venous anastomosis. On re-exploration, there were no cases of a twisted pedicle and no anastomotic cause, thus causality of congestion is likely to be intrinsic to the flap rather than technical error. Furthermore, of the 15 cases of congestion from this study, 13 flaps (86.7%) positively responded to additional venous anastomoses, thus salvaging a failing flap. This supports the "anatomical predisposition to congestion" hypothesis rather than a technical microsurgical cause for the majority of cases in this study. This statement is supported by the 95%-100% salvage rates of Ali, Wechselberger, and Sbitany. (Ali et al., 2010; Sbitany, Mirzabeigi, Kovach, Wu, & Serletti, 2012; Wechselberger et al., 2001 ) Indeed, if the cause of congestion was a technical issue at the primary venous anastomosis, it is implausible that additional venous anastomoses within the flap would resolve congestion. Salvage options may follow treatment algorithms, (Davies et al., 2014; Galanis et al., 2014) with options including using a contralateral TRAM or additional venous anastomoses utilizing the SIEV lifeboat (Villafane, Gahankari, & Webster, 1999) via cephalic switch, vein graft, interposition of the SIEV to the IMV (Blondeel, 1999; Blondeel et al., 2000) or alternative vessels, (Wechselberger et al., 2001 ) reverse flow venous anastomosis, (Liu, Ashjian, & Festekjian, 2007) or SOS technique (Davies et al., 2014) .
Finally, negative features of CTA include radiation, contrast sensitivity, reliance upon renal clearance, financial and time costs, need for sub-specialist radiological expertise, and imperfect sensitivity and specificity. If Type II DIEPs with absent venous connections are excluded from analyses (given Table 2 showing no predictive value of this n = 4 cohort), this increases CTA sensitivity from 67% to 71%. However, we acknowledge that CTA in its current form is not yet the perfect test for predicting outcome, and with further improvements in imaging, interpretation, and data, sensitivity will improve. CTA interpretation is subjective, but our experience is that striving to improve by repeatedly viewing CTA scans to recognize subtleties and nuances in venous connections improves our correlation with clinical outcome. The PPV confirms that CTA is an important clinical utility as 83% of flaps with atypical venous connections go on to develop venous congestion if no additional superficial venous anastomosis is performed. Furthermore, close co-operation and dialogue between surgeon and radiologist before and after cases means that the quality of interpretations increases for prospective patients thereafter.
There is likely to be a link between venous congestion and fat necrosis. Fat necrosis incidence ranges from 5% to 35% (Kroll, 
| CONCLUSIONS
DIEP breast reconstruction has a venous congestion rate of 6.3%. Preoperative CTA visualizes connecting vessels between deep and superficial venous systems. Atypical connections increase the risk of congestion five-fold, which can be detected on preoperative imaging.
These findings have the potential to refine pre-surgical planning in the quest for 100% flap success rates in breast reconstruction.
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